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Introduction
Platelets have an important role in the haemostatic process. Platelets adhere to proteins exposed in the subendothelium resulting in platelet activation, shape change, secretion from intracellular granules, and platelet aggregation which leads to sealing of the damaged vessel.
The function of platelets has been shown to be increased during pregnancy [1, 2] , which could be seen as a preparation for delivery. Estrogens are involved in the sexual and reproductive function of women and their levels vary over the course of the menstrual cycle [3] . Women have much higher levels of estrogens than men but the levels decrease following menopause [4] . Since platelets express receptors for estrogens [5, 6] , it is likely that estrogens could affect the function of the platelets as a preparation for delivery but also for menstruation with shedding of the endometrium. It has been shown that estrogens potentiate thrombin-induced platelet aggregation [7] . There might thus be age, gender and menstrual cycle related differences in platelet function.
However, conflicting results have been reported on the effect of age [8] [9] [10] [11] [12] and gender [8, [12] [13] [14] [15] on platelet function. Many of the studies were conducted using light transmission aggregometry (LTA) [8, 9, 13, 15] which is considered to be the gold standard method to assess platelet function. However, this method can only assess platelet function after the platelets have been separated from whole blood and analysed as platelet rich plasma (PRP) or as a washed platelet suspension. This sample preparation might affect the platelets and their function [16] .
A newer method, impedance aggregometry, enables analysis of platelet aggregation in whole blood. Impedance aggregometry, using the instrument Multiplate, has gained popularity when monitoring anti-platelet therapy [17] . This method might provide new insight on the effect of age and gender on platelet since it makes analysis of whole blood possible without any platelet sample preparation. Sex-related differences in platelet function with Multiplate have been analysed only in a few studies with conflicting results [18] [19] [20] .
This study investigates the effect of age, gender and changes in the sex-hormones during the menstrual cycle on platelet function using impedance aggregometry (Multiplate). The hypothesis is that platelet activity is higher for women than for men particularly during fertile age and also is higher prior to menstruation than during the rest of the menstrual cycle.
Methods
The study was split into two parts. Part 1 aimed at assessing age and sex related differences in platelet function and Part 2 to investigate the effects of changes in sex-hormones on platelet function. The study was approved by the local ethical review board in Linköping, Sweden. All participants received written and/or oral information of the study and gave their oral/written informed consent to participate in the study.
Part 1
Sixty healthy individuals (30 men and 30 women), 20 in each of three age groups of 20-25 years (median age 24 for women, 22 for men), 40-45 (median age 44 for women, 43 for men) and 60-65 (median age of 63 for women, 63 for men) were enrolled in the study based on agreement of participation and fulfilling the inclusion criterion regarding age. Exclusion criterion was intake of pharmaceuticals affecting platelets such as non-steroidal antiinflammatory drugs, acetyl salicylic acid, and platelet receptor antagonists. Blood was collected in a 3.0-mL K2E Venosafe EDTA tube (Terumo Europe NV, Leuven, Belgium) for analysis of haematology variables and in a 3.0-mL Hirudin tube (Roche Diagnostics GmbH, Mannheim, Germany) for impedance aggregometry.
Part 2
Seventeen healthy women without oral or other hormonal contraceptives with a median age of 27 years (referred to as test women) were enrolled in the second part of the study to investigate changes in platelet function during the menstrual cycle. To determine the effects of the use of oral contraceptives (OCs), 19 healthy women on combined OCs (i.e. a combination of a synthetic progestogen and also a synthetic estrogen or in some cases estradiol) with a median age of 23 years (referred to as control women) were enrolled in the study. To further investigate the effects of sex-related differences on platelet function, 18 healthy men (age 20 -40 years, median age 30) were also included (referred to as control men). The participants were selected based on agreement to participate and fulfilling the inclusion criteria regarding age and use or non-use of OCs. Exclusion criteria were pharmaceuticals affecting platelets and excessive nose or laceration bleeding as well as remarkable bleeding during dental procedures.
The women without OCs (test women) were sampled four times during the menstrual cycle.
The first sample was collected during the early follicular phase, at a median of 1 day (range 0-3 days) from the onset of menstruation. The second was collected at the time of ovulation. To verify that the women were close to ovulation a Clearblue luteinizing hormone (LH) test (SPD, Swiss Precision Diagnostics GmbH, Geneva, Switzerland) was used after the first sample had been collected. When the LH-test indicated ovulation, the second sample was collected at a median of 0 days (range 0-2 days) from the positive LH-test. The third sample (mid-luteal phase) was collected at a median of 7 days (range 6-9 days) after the positive LHtest and the fourth sample at a median of 2 days (range 1-3 days) before the next menstruation. Figure 1 presents the sample times in relation to the normal changes in estradiol, progesterone and LH during the menstruation cycle. The estradiol and progesterone serum levels were assessed at each sampling occasion to verify the phase of the ovulatory cycle. The women on OCs (control women) were sampled twice during the anticonception cycle. The first sample was collected during the interlude of the anticonception cycle (after a median of 5 days without OCs, range 2-6 days). The second sample was collected during the period with OCs (after a median of 18 days with OCs, range 16-19 days). The men were sampled once at a random time point. 
Haematology variables and hormone levels
Platelet concentration and haematocrit (Hct) were determined in the EDTA sample using a haematology analyzer (Cell-Dyn Sapphire, Abbott Diagnostics Division, Abbot Park, IL, USA) according to the accredited methods at the Department of Clinical Chemistry at the University Hospital in Linköping.
The blood sample in the serum tube was allowed to coagulate for at least 30 min, followed by centrifugation at 1800 x g for 10 min. The serum was aliquoted and stored at -80°C until analysis. Estradiol, progesterone and testosterone were analysed with Cobas e 602 (Roche Diagnostics Scandinavia AB, Bromma, Sweden) according to accredited methods at the Department of Clinical Chemistry.
Impedance aggregometry
Platelets aggregation was assessed by impedance technology using Multiplate (Roche Diagnostics). Multiplate measures platelets adhesion to the electrodes in the test cuvette after stimulation of the platelets with a platelets agonist. The adhesion of the platelets to the electrodes changes the electric resistance between the electrodes which is detected. The aggregation response is followed for 6 min and the area under the curve (AUC) is determined and used as a measure of aggregation [21] .
For the analysis, 300 µL of pre-warmed 9 mg/mL NaCl (B.Braun, Melsungen, Germany) was added to the test cuvette, followed by 300 µL of hirudin anticoagulated blood. The blood and buffer were incubated under constant stirring for 3 min. This was followed by the addition of 20 µL of a platelets agonist (ADPtest, COLtest, or TRAPtest; Roche Diagnostics). In Part 2, blood was also analysed without the addition of agonist (i.e. using 20 µL of 9 mg/mL NaCl instead of any agonist) to assess spontaneous aggregation. Analysis of the spontaneous aggregation made it possible to specifically investigate to what extent the response following agonist stimulation was actually induced by the agonist. The final concentrations of the agonists were 32 µM for TRAPtest, 6.5 µM for ADPtest, and 3.2 µg/mL for COLtest. The aggregation response was followed for 6 min at 37ºC under constant stirring.
Statistics
Results are presented as median and 25 th to 75 th percentiles. Statistical comparisons were made using IBM SPSS Statistics version 22.
Part 1
Comparisons between the different age groups were made separately for women and men with the Kruskall-Wallis test and applying Mann-Whitney U test to determine which agegroups differed and Bonferroni post-hoc test to adjust for multiple comparisons. MannWhitney U test was used for comparison between men and women of the same age group. In a separate analysis a comparison was made between men of all age groups (i.e. age 20-65), menstruating women (i.e. age 20-45), and postmenopausal women (i.e. age 60-65) as well as between these two female groups using Kruskall-Wallis test and applying Mann-Whitney U test to determine which groups differed. Bonferroni post-hoc was used to adjust for multiple comparisons.
Part 2
Friedman's test was used for comparisons between the sample times of the women in the test group and Wilcoxon signed rank test was applied to determine which sample times differed using a Bonferroni post-hoc test to adjust for multiple comparisons. For comparisons between the sampling times for the control women Wilcoxon's signed rank test was used.
Comparisons between control women and test women were made between sample 1 for control women and sample 1 for the test women as well as between sample 2 for control women and sample 3 for test women using Mann-Whitney U-test. A mean was calculated for all sampling times for each individual woman and used for the comparison with the men applying the Mann-Whitney U test.
Results

Part 1
There was no difference in platelet count between the groups (Table I) . Hct was significantly higher in men than in women of the same age group (Table I) . Hct was higher in women of older age but remained unchanged in the men.
Women in the age group of 20-25 years had significantly higher agonist-induced aggregation than women in the age group of 60-65 but there were no difference between the men of the different age groups (Table I ). The women of the younger age groups (20-25 and 40-45 years) also had significantly higher aggregation response than the men but there was no difference between men and women in the oldest age group (60-65 years). A separate comparison between men of all age groups (age 20-65), fertile women (age 20-45), and postmenopausal women (age 60-65) showed that men and older women had significantly lower agonist-induced aggregation response than the younger women (Table II) .
Part 2
The test women without OCs had a low estradiol level at the first sample time but had a significant ovulatory phase increase. This was followed by a gradual decrease throughout the rest of the menstrual cycle (Table III) . All women had a progesterone level above the lower reference limit for luteal phase (>13 mmol/L) at the third sampling occasion verifying that a corpus luteum had developed and that ovulation had occurred prior to this sample occasion.
This was also the time when the highest progesterone levels were found. Testosterone was low but significantly higher at the second (ovulatory) sample and was highest for 16 of the 17
women at this ovulatory sample time.
There were no changes in aggregation response throughout the menstrual cycle with exception of spontaneous aggregation which was lowest at the third sampling time (Table III) .
Women on OCs had no difference in aggregation response between the period with OCs (sample 2) and the tablet-free week (sample 1).
Hct was shown to be slightly different between the groups with men having significantly higher Hct than both control and test women (Table IV) . The women on OCs had the highest platelet count, significantly higher than for both men and women without OCs. However, their spontaneous aggregation was shown to be lower than for both these groups (Table III and IV). Women on and without OCs also had higher aggregation response than men but for some agonists it was only significant after having adjusted for the spontaneous response (Table IV) . No difference was seen in the agonist-induced aggregation response between the two groups of women, i.e. women with or without OCs (Table IV) .
Eight women in the test group, but none in the OC group, reported that they experienced heavy menstrual bleeding. The median number of days with sanitary protection was 6 [5] [6] for the test women and 5 [5] [6] for the women on OCs.
Discussion
In Part 1 of this study we found that the older women (60-65 years) had significantly lower aggregation response than the youngest women (20-25 years). In contrast, there was no difference between age groups in males. Previous studies have reported conflicting results on the association between age and platelets aggregation [8] [9] [10] . It is possible that discrepancies between studies regarding the effect of age on platelet function could be due to the fact that in some studies men and women were analysed in separate groups [8, 13, 22] , in another study men and women as one group [9] whereas in still another study only men were included [10] . This is supported by the fact that we found that younger women had significantly higher aggregation response than men of the same age whereas we found no difference between men and women in the 60-65 year age group. Part 2 of our study confirmed the results of Part 1 regarding a lower aggregation response of platelets from younger men compared with younger women. Our hypothesis is that the higher reactivity of platelets in younger women as compared with men and older, post-menopausal women is a way to prevent excessive blood loss during menstruation.
Others have also reported higher platelet aggregation in younger women than in men as analysed with LTA and Multiplate [14, 19, 20] . Testosterone has been shown to reduce agonist-induced aggregation [14] which might explain the lower aggregation response found in men than in younger women, even though it did not seem to have impact on the spontaneous aggregation. However, in other studies no sex-related difference in aggregation response was found with the two methods [15, 18] . Furthermore, Meade et al., in contrast to our study, detected higher aggregation in both young and post-menopausal women compared to men of similar age [8] . Differences between studies can be due to different methods to assess aggregation (i.e. LTA vs. impedance technique), variations in agonist concentrations [10, 22] and analysed aggregation variable (level of aggregation or the concentration of agonist needed to induce a specific level of aggregation) as well as various age groups used in the studies. Kasjanova et al. [10] reported that older age was associated with an increase in aggregation but only when low dose of agonist was used. Furthermore, LTA is also affected by pre-analytical factors including sample collection and preparation [16] and the separation of PRP from whole blood can result in loss of platelets with higher density which could affect the results.
The platelet count and Hct in the different groups in Part 1 were within the age and sex based ranges established by our laboratory and similar to what has been published [23] [24] [25] . Both Part 1 and 2 of our study showed that men had significantly higher Hct than women of all ages which is consistent with the literature [23, 24] . The lower Hct found in women of fertile age is likely due to regular blood loss through menstruations. However, the small differences in Hct found in our study are unlikely to have had any impact on aggregation since others have shown that Hct does not affect platelet aggregation when assessed by Multiplate [20, [26] [27] [28] .
Women on OCs were shown to have higher platelet count than men and women without OCs.
Aggregation response with Multiplate has been shown to be affected by platelet count [29] [30] [31] with increase in aggregation with increasing number of platelets. The small differences found in platelet count between the groups in this study most likely did not affect the results since the platelet counts in all groups were within the normal range. At this level there is no or only weak association between platelet count and aggregation [18, 27, 29] and aggregation is believed to be dependent only on platelet function [29] .
Furthermore, despite the higher platelet count, the women on OCs had lower spontaneous aggregation response than both the men and the women without OCs. During the anticonception period, the women are subjected to high levels of progestogen and estrogen which might have caused the lower spontaneous aggregation since both substances have been shown to inhibit aggregation [14, 32, 33] . However, use of OCs did not affect the agonistinduced aggregation which is in line with the results by Yee et al. who did not detect any effect OCs on agonist-induced aggregation when assessed by LTA [34] . It may be that the few days without use of OCs during the tablet-free week do not result in a high number of new platelets with low exposition to sex steroids to appear in the circulation.
The agonist-induced aggregation response was not significantly altered by changes in the level of estradiol, progesterone or testosterone during the menstruation cycle. This result is in line with previous studies investigating agonist-induced changes during the menstrual cycle with LTA [34, 35] . Using Multiplate differences in aggregation response during the menstrual cycle were detected only when analysing changes as percentage of day 1 with lowest aggregation in mid-luteal phase [19] . As in our study no difference was found using absolute aggregation values during the cycle and the results varied depending on the type of agonist used [19] . In contrast Teran et al. found that platelets were less reactive in the pre-ovulatory phase than in the mid-luteal phase analysed with LTA and they also found that the result depended on the agonist [36] . We found a decrease in spontaneous aggregation during the cycle with lowest aggregation at the mid luteal phase, a time point associated with high levels of progesterone since one week and high estradiol since three weeks. The results in our study suggest that estradiol and progesterone may affect spontaneous aggregation, a variable rarely studied when assessing aggregation. Spontaneous aggregation has been suggested to be caused by ADP released from the red blood cells [37] . Whether the possible effect of estradiol and progesterone on spontaneous platelet aggregation is caused by direct actions on the platelets or by hormonal inhibition of ADP release from red blood cells needs to be further studied.
A limitation in our study is that Part 1 is a small in vitro study with ten individuals in each age and sex group and that we did not register the use of OCs or postmenopausal hormone replacement therapy. It is a strength that the women without anticonception in Part 2 were all shown to ovulate (according to LH-peak measurements and high progesterone in the midluteal phase). This is also confirmed by the highest testosterone levels in the ovulatory phase, which is in line with previous findings of a mid-cycle testosterone peak [38] .
The clinical importance of a higher platelet aggregation found in women of fertile age than in postmenopausal women and men, is possibly a mechanism to prevent heavy menstrual bleedings. However, platelet function does not seem to change rapidly enough to be detected throughout the menstrual cycle with its changes in sex steroid levels or from use of oral OCs to the tablet-free week. Results are presented as median and the 25 th and 75 th percentiles within parenthesis (n=18 for men, n=17 for test women i.e. women without oral contraceptives and n=19 for control women i.e. women on oral contraceptives). The test women were sampled in early follicular phase (S1), at the time of ovulation (S2), in mid-luteal phase (S3) and 1-3 days prior the next menstruation (S4). The control women were sampled during the OC free week (S1) and during the OC period (S2). Statistical differences between control men and control-and test women, respectively are shown with a = p < 0.05 vs. control men. The mean results for all sampling times for each control-and test woman were used for the comparison with the control men. ADP-NaCl, TRAP-NaCl and Collagen-NaCl are the agonist-induced response which has been corrected for spontaneous aggregation to NaCl.
